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(54) Fluorovinyiethers and polymers obtainable therefrom 



(57) Fluorovinyiethers having the formula 
CFX=CXOCF 2 OR : wherein R is a C 2 -C 6 linear, 
branched or C 5 -C 6 cyclic (per)fluoroalkyl group, or a C 2 - 
C 6 linear, branched (per)fluoro oxyalkyl group contain- 
ing from one to three oxygen atoms; when R is fluoro- 



alkyl or fluorooxyalkyl group as above defined, it can 
contain from 1 to 2 atoms, equal or different, selected 
from the following: H, CI, Br, I; X = F, H; and homopoly- 
mers or polymers obtainable polymerizing said fluorovi- 
nyiethers with at least another polymerizable monomer. 
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Description 

[0001 ] The present invention reiates to fluorovinylethers : the process for preparing them and the polymers obtainable 
therefrom. 

5 [0002] It is well known that perfluoroalkylvinylethers are used as monomers for the olefin copolymerization t specifi- 
cally tetrafluoroethylene : vinylidene fluoride, chtorotrifluoroethylene (CTFE), hexafluoropropene. The introduction of 
small amounts of perfluoroalkylvinylethers in plastomeric polymers implies a higher polymer processability and better 
hot mechanical properties. The introduction of high amounts of perfiuorovinylethers in crosslinkable fluoropolymers 
implies elastomeric oroperties at low temperature of fluorinated rubbers. 

10 [0003] The need was felt in the fluorinated polymeric material field : to produce both plastomers having good prop- 
erties at high temperatures, and elastomers having improved properties at low temperatures by using only one fluor- 
ovinylether. 

[0004] Such properties at low temperatures can generally be expressed by the glass transition temperature Tg. 
[0005] Furthermore the need was felt to have available amorphous or crystalline (co)polymers having a low content 

15 of COF end groups. A lower content of COF end groups leads to obtain polymers having a higher thermal stability. A 
lower Tg allows to have polymers which can be used at lower temperatures and therefore to have available elastomers 
with a wider use range. To obtain the combination of the above mentioned properties, fluorovinylethers must have a 
high unitary capability to modify the backbone properties, as well as high reactivity to be used as comonomers both in 
plastomeric and in elastomeric fluoropolymers. It was desirable to have available vinylethers obtainable by simple 

20 processes having a limited number of steps. Preferably it would be desirable to have available a continuous process 
for preparing said vinylethers. 

[0006] To solve the above technical problem, fluorovinylethers having different structural properties, have been pro- 
posed in the prior art. However from the prior art, hereinafter described, various unsolved problems exist in the per- 
fiuorovinyiether synthesis and in the preparation of the correspondig polymers having the combination of the above 
25 mentioned properties. 

[00071 USP 3,132,123 describes the preparation of perfluoroalkylvinylethers, of the corresponding homopoiymers 
and copolymers with TFE. Homopoiymers are obtained under extreme experimental conditions, by using polymeriza- 
tion pressures 1from 4,000 to 18,000 atm. The perfiuoromethyjvinyiether (PMVE) homopolymer is an elastomer: the 
Tg is not reported. The general formula of the described vinylethers is the following: 

30 

CF 2 =CFOR% 

wherein R° F is a perfluoroalkyl radical preferably from 1 to 5 carbon atoms. A process for preparing these vinylethers 
35 is described in USP 3,291,843 wherein the starting acylfluoride is salified and pyrolized with carbonates also in the 
presence of solvents. By this process undesired hydrogenated by-products are obtained. 
[0008] USP 3,450,684 relates to vinylethers having the formula. 

40 CF 2 =CFO (CF 2 CFX°O) n .CF 2 CF 2 X 0 

wherein X° = R CI, CF 3 , H and n' can range from 1 to 20. Also homopoiymers obtained by UV polymerization are 
reported. The exemplified copolymers are not characterized by their properties at low temperatures. 
[0009] USP 3,635 : 926 relates to the emulsion copolymerization of perfiuorovinylethers with TFE. showing that the 
45 presence of -COF acylfluoride end groups makes the polymers unstable . The same phenomenon was already reported 
in USP 3,085.083 in the perfluorovinyiether polymerization systems in solvent. 

[0010] USP 3,817,960 relates to the preparation and polymerization of perfiuorovinylethers having the formula 

5Q CF 3 Q (CF 2 0) n ..CF 2 CF 2 OCF=CF 2 

wherein n" can range from 1 to 5. The compound synthesis is complex, it requires three steps. The preparation of the 
starting compound CF 3 0(CF 2 0) n -CF 2 C(0)F is carried out by oxidation at low temperature in the presence of U.V. 
radiations; besides the condensation with HFPO (hexafluoropropenoxide) and the subsequent alkaline pyrolisis is 
55 necessary. No data on the above indicated properties are reported. With regard to this see USP 5,91 0,552 

[0011] USP 3,896 : 179 relates to the separation of "primary" isomers of perfluorovinyiethers, for example of 
CF 3 CF 2 CF 2 OCF=CF 2 from the corresponding less stable "secondary" isomers CF 3 -(CF 3 )CFOCF=CF 2 . The latter are 
undesired products as regards both the polymer preparation and the poor properties of the obtained polymers. 
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[0012] USP 4,340,750 relates to the preparation of perf.uorovinylethers having the formula 



0 V 1 



CF 2 =CFOCF 2 R u f X 



vi u ri Rr F COOR 0 CON R°R l wherein R° is 



10 [0013] 

the formula: 



75 



SO 



25 



30 



35 



40 



CF 2 =CF (OCF 2 CFY°) n °OX 2 



♦ « tn a- yo-f CI CF, H- X2 can be C,-C 3 perfluoroalkyl group, C r C 3 ^hydroperfluoroalkyl 
wherein n° ranges from 1 to 4, Y0_r, CI OF* l ». » - can ^oe , h fluorovlny i et her units ranging from 1 5 to 50% 
group, C r C 3 o>-chloroperf luoroalky. group. ^°^^^^^ ie better properties than those of the above 
by moies. These vinyletners give copolymers which at ^SSS^S^^n the patent it is disclosed that in order 
mentioned perfluoroviny.ethers PVE (pert >""m^^ £t^2E bonds in the sloe chain adjacent to the 
to have good properties at low ^^^^^^^Z^ higher than 4 it is difficult to purify the 

double bond is required. Furthermore from the patent ft results ^ that » described vinylethers 

monomers and the effect on the decrease of the polymer Tg » to give good e.astomeric properties. 

is very low and it is dtfficult to obtain ^^^^^^TS^^ exempted. However the polymer 

A TFE/perfluorovinylether copolymer (n°=2) 73/27 U by moies wun 9 

is obtained 6with very long reaction times (96 ^ZlZ^S^^on which leads to amorphous perfluor- 
[0014] EP 130,05 2 descnb^ have va , ues reaching up to . 76 . C; the 

of TFE and MVE with vinylethers (PVPE) having the formula 



CF 2 =CFO (CF 2 CF (CF 3 ) 0)„..R r 



•3 t„ on an rt R0 is a Derf luoroalky I group. Due to purification difficulties, the 
are described, wherein n" ranges from 3 to 30_ ^^^T^^o said patent the most evident effect on 

that the reactivity of all the described monomers (PVPE) ^s ^ poor fluorov iny.ether synthesis. According 



preparation fiuoroepoxides of formula 



X 3 CF 2 -CF- CF 2 

\ / 
0 



so [0016f USP ^58 B 3 r d a e r :cribes the copo.ymeri 2 ation of VDF with vinylethers having the formula: 



CF 2 -CF0X 4 



55 



* ■ « f^rr, itn^ nyvaen atoms The obtained Dolymers are not 
wherein X< is a C 3 -C 9 oxyperf luoroalky! radical containing from 1 to 3 oxygen atoms 

perfluorinated polymers and sho*, a poor stability ^.Jf^^.^^^yjp^^e^ (PV PE) similar to those of USP 
[0017] USP 4,766,190 relates to the P* enZ ^ properties of the ob- 

4,487,903 with TFE and low perfluoropropene percentages, in order to increase 
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tained polymers. 

[0018] EP 338,755 relates to the preparation of perfluorinated copolymers by using direct fluorination of partially 
f luorinated copolymers. More reactive partially fluorinated monomers are used, the obtained polymers are fluorinated 
with elemental fluorine. The fluorination step requires a supplementary process unit, besides in this step elemental 
fluorine is used, which is a highly oxidizing gas, with the consequent precautions connected to its use. Besides in the 
patent it is stated that in order not to compromise the fluorination reaction and the properties of the obtained polymer 
using the invention process the percentage of the comonomer in the polymer cannot exceed 50% by moles. 
[001 9] USP 5,268,405 reports the preparation of perfluorinated rubbers having a low Tg, by the use of high viscosity 
perfluoropolyethers as plasticizers of perfluorinated rubbers (TFE/MVE copolymers). However during the use perfluor- 
opolyether bleeds take place. This is true especially for the PFPE having a low molecular weight (low viscosity) : in 
said patent : therefore, the high viscosity PFPE use is suggested, and therefore the low viscosity PFPEs must previously 
be removed. 

[0020] USP 5,350 497 relates to the preparation of perfluoroalkyivinylethers by fluorination with elemental fluorine 
of hydrofluorochloroethers and subsequent dechlorination. 

[0021 J USP 5.401 ,818 relates to the prepartion of perfluorovinylethers of formula: 

R 1 f (OCF 2 CF 2 CF 2 ) m , -OCF-CF 2 

(whe r cm R 1 f is a C^Cg perfluoroalkyl radical and m 1 is an integer ranging from 1 to 4) and of the corresponding copol- 
ymers having improved properties at low temperature. The preparation of said perfluorovinylethers is carried out by 7 
steps some of them have very low yields, and comprise also a fluorination with elemental F 2 , The reactivity of said 
perfluorovinylethers is anyhow low. 

[0022] As it is shown from the above prior art, the p e rf I uoroviny I ether synthesis generally involves a multistep process 
with low yields (USP 3 r 132 : 123 : USP 3,450 : 684), with additional purifications to remove undesired isomers (USP 
3.896 179) and the need to control the undesired hydrogenated by-products (USP 3 ? 291 ; B43). Alternatively, in the 
synthesis substances acting as intermediates, which are suitably prepared, and which allow to eliminate said drawbacks 
(USP 4.340.750, USP 4,515,989), are used. 

[0023] Furthermore in some cases the vinylether preparation requires the fluorination with elemental fluorine of par- 
tially fluorinated intermediates (USP 5,350,497); or, to avoid synthesis and low reactivity problems of the perfluorovi- 
nylethers. fiuorination of partially fluorinated polymers (EP 338,755) is suggested. 

[0024] Other problems shown in the prior art relate to the low reactivity of the perfluorovinylethers, which makes it 
necessary the recovery of the unreacted monomers from the reaction products (UK 1 ,51 4 ; 700) ; and the stability prob- 
lems for the polymers having -C(0)F end groups (USP 3 ; 635 ? 926). These last can be furtherly transformed by suitable 
reactants in order to increase the stability of the fluorinated polymer (EP 178,935). 

[0025] Perfluorooxyalkylvinylethers are used to conferto the fluorinated rubbers good properties at low temperatures, 
and specifically to lower the copolymer glass transition temperature. 

[0026] By increasing the perfluorooxyalkyl units forming the side perfiuorooxyalkyi substituent, the T g of the corre- 
sponding obtainable amorphous copolymers decreases, but at the same time the vinylether reactivity drastically de- 
creases, making more evident the problems previously shown for the recovery of the unreacted monomer from the 
polymerizaiion products or from the polymer itself (USP 4 ; 487 r 903 - EP 1 30 ; 052). In some cases, where the monomer 
cannot be completely removed by simple stripping under vacuum, more washings must then be carried out with fluor- 
inated solvents for completely eliminating the unreacted vinylethers from the polymeric mass. 

[0027] The perfluoromethyivinylether (MVE) is used as comonomer in plastomeric fluoropolymers and, at higher 
concentrations, also in elastomeric fluoropolymers. In particular in EP 633,257 and EP 633 ; 274 MVE is polymerized 
with TFE in the presence of small amounts of PVE or dioxoles to obtain polymers with improved flex life. 
[0028] The amorphous copolymers of TFE with perfluoromethyivinylether have a T g around 0°C or slightly lower 
(Maskomik ; M. et al. "ECD-006 Fluoroelastomer - A high performance engineering material". Soc. Plast Eng. Tech. 
Pao. (1974), 20, 675-7). 

[0029] TheT g extrapolated value of the MVE homopolymer is of about -5°C (J. Macromol. ScL-Phys. : B1(4), 81 5-830 : 
Dec. 1957). 

[0030] In USP 5.296,61 7 and 5,235,074 there is described the hypofluorite CF 2 (OF) 2 reactivity towards unsaturated 
products, which contemporaneously leads to the formation of the dioxolane derivative and to the fluorination compound 
of the olefin itself. In EP 683,181 there is described the CF 2 (OF) 2 reactivity towards olefins which leads to the formation 
of linear reaction compounds between one hypofluorite molecule and two molecules of the same olefin, for the prep- 
aration of symmetric dienes. 

[0031 ] The Applicant has surprisingly and unexpectedly found that it is possible to solve the above technical problem 
as described hereinafter, by using special fiuoro vinylethers, which are furthermore easily synthetizable and obtainable 
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S^SS^ present invention are fluorovinyiethers of genera, tormu.a: 



CFX=CXOCF 2 OR (,) 



z> 

^* R i, a C,-C« M oraooOeO or C 5 -C 6 ^^J^?*^^^ a'^^tl^r^luwow^Ilqrigroup^atiwe 

ss=r2,^nr^T 0 :=nS ^ -2-*-...— * <* * < 

ro X=F,H. . 
[0033] The fluorovinylethers of general formula. 

CFX=CXOCF 2 OCF 2 CF 2 Y ,! " 

wherein Y = F. OCF 3 ; X as above defined, are preferred among the compounds of formula (I). 
[0034] The perfluorovinyiethers of formula: 

CF 2 =CFOCF 2 OCF 2 CF 2 Y 

wherein V * as above defined, are further* preferred. For examp.e the perf.uoroviny.ether having the formu.a: 

CF 2 =CFOCF 2 OCF 2 CF 3 



15 



20 



25 



can be mentioned. . thCk orivantaaes reported hereinafter with respect 

[003SJ Surprisingly, the vinyletoero according to tiro loveot.on soow toe advantages rep 

- ;o™,r.s.ovao,.^^ 

tact if the vinylether of the invention with two oxygen atoms is used. 
35 CF 2 =CF-O-CF 2 -0-CF 2 CF 3 (MOVE 1) 

the Tg lowering is clearly higher with respect to the PVE 

C F 2 =CF-0-CF 2 CF 2 CF 3 (PVE) 

■ . llt %A/ith th - .pcond oxvqen atom in a different position and without 
and to the vinylether having the same formula, but with the second oxyg 

showing the characteristic unit (-OCF s O-) 

C F 2 =CF-0-CF 2 CF 2 -0-CF 3 (P-PDE) 

It is surprising to notice that with respect to MVE 

CF 2 =CF-0-CF 3 

the p-PDE vinylether does not give any advantage « ^ c|ear wim the vinyte thers of the invention 

[0039] On the contrary the primary effect of the (-0CF 2 O ) unit re*u > 

(MOVE). f-OCFoO-) unit bound to the ethylene unsaturation of the 

[0040] Besides it has surprisingly been found tnat the { uor 2 w , 
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vinylethers of the invention increases the vinylether reactivity drastically reducing the rearrangements to COF which 
cause instability. 

[0041] The advantages of the polymers of the invention can be summarized as follows: 

The reactivity of the new monomers allows to prepare copolymers having a high MW (molecular weight) with a 
very low content of carboxytic groups or derivatives thereof such as -C(0)F, -COO. The carboxylic group content 
in the copolymer with TFE has resulted of about 1 0 times lower than that of a copolymer prepared under the same 
conditions but using perfluoropropylvinylether (PVE) instead of fluorovinylethers (see the Examples) . As said, the 
presence of a lower content of carboxylic groups, or of the corresponding derivatives (amides, esters, etc.) allows 
to obtain more stable polymers. 

The reactivity of the monomers of the invention is surprisingly high (see the homopolymerization Examples). 
The fluorovinylethers of the invention can be used as comonomers both in piastomeric (per)fluoropolymers (con- 
taining crystalline domains) and in elastomeric (per)fluoropolymers. To obtain piastomeric polymers the amount 
of the vinylether of the invention must be such to lead to the formation of crystalline domains, generally < 1 0% by 
moles. To obtain amorphous polymers the amount of the vinylether of the invention must be such to lead to the 
disappearance of the crystalline domains. The skilled man in the art can easily find the amount of the vinylether 
of the invention which is required for obtaining said results. 

Generally the amount of the vinylether for obtaining amorphous polymers is higher than 1 0% by moles, preferably 
in the range from about 15 to 20% by moles : or higher. In the case of copolymers having a high content of vinylether 
monomer the properties at low temperature (T g ) of the polymers of the invention result clearly better with respect 
both to copolymers having the same MVE content (see the Examples) and also, surprisingly, with respect to co- 
polymers where the perfluorovinylether the oxygen atoms being equal, does not show the -OCF 2 0- group directly 
bound to the unsaturation : as in the case of the CF 2 =CFOCF 2 CF 2 OCF 3 (£-PDE) (see the Examples). 
Their use in the polymerization reactions with fluorooiefins allows to substantially and contemporaneously reduce 
two important disadvantages of the prior art: the recovery of the unreacted vinylether and the polymer instability 
due to the presence of carboxylic end groups. 

A further advantage of the fluorovinylethers of the invention, as hereinafter illustrated, consists in that their prep- 
aration is carried out in a continuous plant by a limited number of steps. Furthermore the used raw materials are 
cheap. The following ones can for example be mentioned: 

CF 2 (OF) 2; CF 2 =CF 2> CF 2 =CFOCF 3! CHCl=CFCL CFCI=CFCL 
CF 2 =CFCI, CF 2 =CFH, CF 2 =CH 2: CHC^CHCi and other olefins. 

[0042] The use of these reactants is specified in the synthesis process of the vinylethers of the invention. 

[0043] Polymers, homopofymers, copolymers are obtainable by polymerizing the fluorovinylethers of general formula 

(I) - (IV) with at least another monomer. 

[0044] With copolymer a polymer containing the vinylether of the invention and one or more comonomers, is meant. 
[0045] With comonomers, fluorinated compounds having at least one polyrnerizable double bond C=C, optionally 
containing hydrogen and/or chlorine and/or bromine and/or iodine and/or oxygen, are preferably meant. 
[0046] Optional comonomers which can be copolymerizedare non fluorinated C 2 -C 8 olefins, such as ethylene, pro- 
pylene, isobutylene. 

[0047] Among the usable comonomers the following can be mentioned: 

C 2 -C e perfluoroolefins, such as tetrafiuoroethyiene (TFE), hexafluoropropene (HFP). hexafluoroisobutene; 
C 2 -C e hydrogenated fiuorooiefins, such as vinyl fluoride (VF), vinylidene fluoride (VDF) . trif luoroethylene, CH 2 =CH- 
R 2 f perfiuoroalkylethyienes, wherein R 2 f is a G A -G B perfluoroalkyl; 

C 2 -C 8 chloro- and/or bromo- and/or iodo-fluoroolefins, such as chlorotrif luoroethylene (CTFE) and bromotrifluor- 
oethylene; 

CF^CFOR^ (per)fluoroalkylvinylethers (PAVE), whe.rin R 2 f is a C r C 6 (per)fluoroalkyl, for example trifluoromethyl, 
. bromodifluoromethyl or heptafluoropropyl; 

CF^CFOX 8 (per)fluoro-oxya!kylvinyiethers, wherein X a is: a C r C 12 alkyl, or a C r C 12 oxyalkyi, or a C^C^ (per) 
fluorooxyalkyl having one or more ether groups, for example perfluoro-2-propoxy-propyl. - sulphonic monomers 
having the structure CF 2 =CF0X b SO 2 F, wherein X b = CF 2 CF 2! CF 2 CF 2 CF 2: CF 2 CF(CF 2 X=) wherein X c = F CI, Br. 

[0048] The process for preparing fluorinated polymers according to the present invention can be carried out by po- 
lymerization in organic solvent as described in USP 4,864,008 and 5,182,342, herein incorporated by reference. The 
organic solvent is selected from the group comprising chlorofluorocarbons : perfluoropolyethers : hydrofiuorocarbons 
and hydrofluoroethers. 
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• nnix/mers of the oresent invention can be carried out also by polymerization in 
[0049] The process for preparing the polymers of the present' Dres ence of a radical initiator. This can be 

Uueous emulsion according to we.! knowr .methods n , the J^^J^n persulphates, perphosphates. 
selectedforexamp.efrom: inorganic perox.des ^^^^^^^^^.^^ere^o^ebte 

10 surfactants of formula: 



R 3 «-X' M + 



15 



20 



25 



30 



. ■ a r r (oertfluoroalkvl chain or a (per)fluoropolyoxyalkyl chain, X" is -COO- 

are particularly preferred, wherein R 3 , ■ a °^ C ^ r J^^ Among ^ most commonly used, ammonium per- 
or -SO3. M* is selected from: H*. NH 4 ~, an al^e mete ' , °" m ^3 oxylte groups . etc. can be mentioned, 
fiuorooctanoate; (per)f luoropotyoxyal^lenes ^^^^^^SSTb! added to the reaction medium. It is 

Soss^^ — and/ ~ aCC ° rdin9 10 

ST X? c^r^^~d in ^-iSSSSr- according 
0053 The crosslinking process of the amorphous P 0 '^.^^^^ vinyli6en e fluoride or vinyl fluoride, 
to well known methods in the prior art. When, for examp ^ one of *;~^ suft Le catalysts (accelerants) as 
curing can be carried out with polyam.nes or aromat.c polyols w * »PJJ"£ generally uses the addition in 

described in USP 3,876,654, USP 4,259,463; when 1S ^^^^ ? or examp.e'by Br, i, CM, OC 6 F 5 , 
amounts lower than or equal to 3% of a ^^^l^XZTonT.s described in USP 5,268,405; when 

LJcomprises the reaction ^^^£S^ 2 "piund J. econd — 
. «««« wcHc tn the new Derfiuorovtnytethers. 



olefin of formula K 5 ht G u=on 7 n 8 iu y.vc: u - » .«-. ■ ■ « ' ' - 

genation or dehydrohalogenation leads to the new perfluorovmy tethers. 
35 The genera! scheme of the synthesis is the follow.ng: 



40 



45 



a) CF 2 (OF) 2 + R n R 2 C^CR 3 R 4 - F-CR 1 R 2 -CR 3 B^OCF 2 OF (VI) 

^ ™= D o n 2 r 1 R R > f-CR,Rp-CR3R4-OCF 2 0-C 2 R 5 R 6 -0 1 R 7 R8- f 

b) F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF+ R 5 R 6 C -C R 7 R 8 ^ 2 3 4 

(VII) 

dehalogen. / 

c ) F - CKA - CRA -OCF 2 0 - C 2 R 5 R 6 - C*R 7 R. - F - - "/^ehydrohalogen . 

CFX=CXOCF 2 0R (I) 

50 

In this synthesis scheme: 

- with reference to the formula of the compound (VII) : 

r r-, n .^i^rHiff^r^nt are H CI under the following conditions: (1) when 
. R 15 equal or different, H , F; ^^t^^^"^ reaction is a dehydrohalogenation one of 
the final reaction is a dehaiogenat»on R 2 , R 3 = CI, (2) when me Tin* 
the two substituents R 2: R 3 is H and the other is CI; 
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R5, Rq, R71 R9 are 

R or one of them is a C^-C A linear or branched perfluoroalkyl group, or a C 1 -C 4 linear or branched per- 
fluorooxyalkyl group containing from one to three oxygen atoms, or R 5 and R 7 , or Rg and R 8 , are linked 
5 each other to form with C 2 and C 1 a C 5 -C 6 cycle perfluoroalkyl group; 

when one of the R 5 to R 8 radicals is a C 2 -C 4 linear or branched fluoroalkyl, or a C 2 -C 4 linear or branched 
fluorooxyalkyl group containing from one to three oxygen atoms, one or two of the other R 5 to R 8 are F 
and one or two of the remainders, equal to or different from each other, ar selected from H, CI, Br : Iodine; 
when the substituents selected from H. C! : Br, Iodine are two, they are both linked to the same carbon 
10 atom; when R 5 and R 7 , or R 6 and R 6 , are linked each other to form with C 2 and C 1 a C 5 -C 6 cycle fluoroalkyl 

group, one of the two free substituents R 6: R 8 or R 5 , R 7 is F and the other is selected from H r C!, Br. Iodine. 

the fluoroalkene used in the reaction a) is replaceable with that of the subsequent reaction b); in this case the 
meanings defined for the substituents of the R 1 -R 4 group, and respectively of the R 5 -R e group, are interchangeable 
each other, with the proviso that the position of each radical of each of the two groups R1-R4 and R 5 -R 8 with respect 
to -OCF 2 0- on the chain of the intermediate compound (Vll) s is the same which is occupied if the synthesis takes 
place according to the above reported scheme and the two olefins each react in the considered steps. 

[0055] In the first reaction a) of the above illustrated scheme a hypofluorite gas flow CF 2 (OF) 2 , suitably diluted with 
20 an inert fluid, comes into contact in a suitable reactor with outlet, on the bottom of the same (first reactor), with a flow 
of the R 1 R 2 C~CR 3 R 4 olefin, optionally diluted in an inert fluid, to allow the chemical reaction a) with formation of the 
intermediate hypofluorite (VI). To favour the reaction stoichiometry, the reactants must be introduced into the reactor 
in an approximately unitary molar ratio, or with an excess of CF 2 (OF) 2 . The residence time of the mixture in the reactor 
can range from few hundredths of second up to about 120 seconds depending on the olefin reactivity, the reaction 
25 temperature and the presence of optional reaction solvents. 

[0056] The reaction temperature can range from -40° to -150°C S preferably from -80° to -130°C. 

[0057] The compound (VI) usually is not separated from the reaction product and it is transferred in a continuous 

way to the subsequent reaction described in step b). 

[0058] The mixture of the products coming out from the first reactor can be heated at room temperature before being 
30 fed into the second reactor. 

[0059] !n the second reaction b) the second olefin R 5 R 6 C=CR 7 R 8 pure or in solution, reacts with the product obtained 
in the first reaction with formation of compound (VII). 

[0060] The olefin can be fed in a continuous way so as to maintain its concentration constant in the reactor. The 
temperature of the reaction b) can range from -20° to - 130°C, preferably from -50° to -1 00°C. The olefin concentration 
35 is higher than or equal to 0.01 M, preferably the concentration is higher than 3M, more preferably also the pure com- 
pound can be used. 

[0061] The solvents used in steps a) and b) are perfiuorinated or chlorohydrofluorinated solvents or hydrofluorocar- 

bons. Examples of said solvents are: CF 2 Cl 2 , CFCI 3j CF 3 CFH 2 , CF 3 CF 2 CF 3 , CF 3 CCI 2 H, CF 3 CF 2 CI. 

In the reaction c) the compound (VH), dependentiy on the olefins used in steps a) and b), after distillation from the 

40 reaction product, is subjected to dechlorination or to dehydrochiori nation to obtain the vinylethers of formula (I). This 
last step can be carried out by using reactions widely described in the prior art. The suitable selection of the substituents 
R 1 to R 8 in the two olefins used in the synthesis allows to obtain the vinylethers of the present invention. 
[0062] Another object of the invention is a process wherein a hypofluorite of formula X 1 X 2 C(OF) 2 wherein X-, and X 2 
equal or different are F, CF 3 , and two fluoroaikenes of formula respectively R A 1 R A 2 C=CR A 3 R A 4 and 

45 R A 5 R A 6 C=CR A 7 R A 8 , wherein R A r R A 8 equal or different, are F, H. CI, Br : I, -CF 2 OS0 2 F, -S0 2 F 5 -COF, C 1 -C 5 linear or 
branched perfluoroalkyl or oxyperfluoroalkyi group, are reacted according to steps a) and b) excluding the dehalogen- 
ation or dehydrohalogenation step, to obtain compounds of general formula (VIII) 

50 F-CR A 1 R A 2 -CR A 3 R A 4 -OCF 2 0-CR A 5 R A 6 -CR A 7 R A a -F. 

[0063] The following Examples are reported with the purpose to illustrate the invention and they do not limit the scope 
of the same. 

[0064] In the Examples the thermogravimetric analysis TGA is carried out by using a 1 0°C/min rate. 
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EXAMPLE 1 

[M651 Toe used reeelo, * - -> °»™ - ~ |^ZKSSK5SK 

LooLoal stirrer. lurMoe with reoyole of .he , .he loop.oe, add probec, ouM from 

two Menial copper pipes .or me «^<T*« -11 4-C. 1 .1 1/d (litres/hour) of CF 2 (OF K 

i^s rr^oo^r:;r e ^rrrp^:A r - 1, * o.c F> =o Fs - « «. - * . 
™r-^ro?r^^^ 

e^^ 

Ln.oreP oy gasco.ooialorjraphy, is to .. «i«™=°"e^ *P"ig 

Soea, « ,00 end o, ,00 — , - ^^^0""' & ' * 

eo PT'Te ^^t^SSSX^ — - — » * * ^ 

Cha ractgnzatjon of p ri luoro l^chloro-3.5-dioxahe P tane : 

[0070] Boiling point al atmospheric pressure: 91"C. 
" -0/-78, (1F, O-CFCFC) ; -87.8 (3F, CF 3 -C) . -^-91.8 (2F, 

moTlT^Mass spectrum (E.I. electronic impact), main peaks and respective intensities: 
SJ2 6%) TTlTS 3%)! 151 (76.8%); 153 (69.8%); 185 (100%). 
30 [00721 IR spectrum (crrr-) intensity : (w) =weak, (m) =mea,um, 

SSSS ^£7^.7 (vs);9 29 .3 <w, B47.9 (m). 1032.2 (s), 
EXAMPLE 2 

35 « «, ■ nf CF OCF CF OCF 9 OCFCICF^CIperfluo^^ 

[0073) in a reactor identic, to that used in Example ^ ^pe 5 K 2 

40 CF,(OF) 2 and 4.5 l/h of He are introduced through one of the two inlet pipes, 

CF 2 =CF-OCF 3 and 0.7 l/h of He for 4.5 hours. comprised between the reactor outlet and the 

[0074] The residence time of the transport gas m the reaction zone comp 

of dichlorofluoroethylene CFCI=CFCI. reactor, the reaction raw materia! is distilled 

[007G] At the end of the addition of the *^J^™%^ n1om ^ by two isomers, respectively, isomer 
by a plate column at the reduced pressure of 250 mmHg. 50 g , b f a .m* ^.trioxa-e-methyloctane are col- 

50 A)perf.uoro-1 £-dichloro-3,S,8-trioxanonane anc ' \ ud is the following: isomer A 79%, isomer B 

looted. The mixture composition is determined by 9^™*°^% The molar yield of A+B with respect to the 
21%. The molar yield of A+B with respect to the u ^r 2 ( Ui->2 • by preparative gaschromatography. 

used perfluoromethylvinylether is 42%. The isomers have been separatee y p 

55 Characterization of prod ucts A and B 

o / a too/ r 91 °/1 at the reduced pressure of 250 mmHg: 82°C. 
[0077] Mixture bo.l.ng point (A 79/>, B 21 /») at the reouc P 
[0078] 19F-NMR spectrum in p.p.m. (with respect to CFCl 3 -0) of the 
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-50.6/-52.4(2F : 0-CF 2 -0); -70.0A71 .8 <2F, C-CF 2 CI) ; -77.7 (1 F, O-CFCI-C); -S5.3/-55.6 (3F, CF--OCV -90 7/-91 1 (2F 
C-OCF 2 -C);- 90.2/-90.6 (2F, C-OC-CF 2 OCOC). ' ' 

[0079] 19 F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of isomer B- 

-50.0/-52.1 (2F, 0-CF 2 -0) ; -70.07-71 .8 (2F C-CF 2 CI): -77.9 (1F, O-CFCI-C) ; -54.6A54.9 (3F. CF 3 OC) : -85 7/-S6 1 (3F 
5 OC(CF 3 )O);-100.3M01.0(1F, OCF(C)O). " V 

[0080] Mass spectrum (electronic impact) main peaks and respective intensities: 

Product A: 

69 (50); 119 (100); 151 (50); 185 (42); 251 (38); 
to Product B: 

69 (96): 97 (50); 135 (42): 151 (92); 185 (100). 

[0081] IR spectrum (cm' 1 ), intensity of the mixture A 79%, B 21%: 
(w)=weak, (m)=medium > (s)=strong : (vs)=very strong: 

1388 (w) ; 1288 (vs) ; 1233 (vs); 1151 (vs); 1104 (vs) ;846 (m) ; 1032 (s) ; 685 (w). 
EXAMPLE 3 



75 



Synthesis of CF 3 OCF 0 CF ? OCF ? OCHCICHFCl perfluoro-1 r 2-dichloro-1 ? 2-dihydro-3,5,8-trioxanonane (isomer G) and 
CF 3 OCF(C^ )p , &FgOCHglCHret perfluoro-1 ,2-dichloro-1 .2-dihydro-3 ; 5,7-trioxa-S-methyloctane (isomer P). 

[0082] In a reactor identical to that used in Example 1 , maintained at the temperature of -11 2°C. 1 .55 l/h ofCF (OF) 
and 4.5 l/h of He are introduced through one of the two inlet pipes: through the second inlet pipe 1 4 l/h of CF^UcF 2 
OCF 3 and 0.7 l/h of He for 5 hours. ~ 2 

[0083] The residence time of the transport gas in the reaction zone comprised between the reactor outlet and the 
end of the two feeding pipes is of about 3 sec. 

[0084] On the reactor bottom the reaction products are brought to room temperature and the gaseous mixture flow 
monitored by gaschromatography : is fed in a continuous way, under mechanical stirring, into a second reactor identical 
to the one used for the same step in Example 1 Inside, the temperature is of -70°C and there are 50 q of 1 2-di-hfo- 
roethylene CCIH=CCIH and 50 g of CFCI 3 . 
[0085] At the end of the addition of the reacting gases into the second reactor, after distillation of the solvent at room 
pressure, the reaction raw material is distilled by a plate column at the reduced pressure of 100 mmHg 43 5 g of the 
mixture of the desired products (isomer C 78%, isomer D 22%, determined by gaschromaography) are collected The 
molar yield of C+D with respect to the used CF 2 (OF) 2 is 33%. The isomers have been separated by preparative qas- 
3* chromatography. y 

Characterization of products C and D 



20 



25 



30 



40 



[0086] Mixture boiling point (C 78%, D 22%) at the reduced pressure of 100 mmHg: 71°C. 

[0087] 19 F-NMR spectrum in p.p.m. (with respect to CFCI 3 = 0) of the isomer C perfluoro-1 ,2-dichloro-1 2-dihydro- 
3,5,8-trioxanonane: ' J 

-56.0/-57.2 (2R 0-CF 2 -0); -143.2/-146.0 (1 F, C-CHFCl); -55.8 (3F, CF 3 -OC): -91 .0/-91 .4 (2F, C-OCF--CV -90 3/-90 5 
(2F, C-OC-CF 2 OCOC). 2 

[0088] 19 F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer D perfluoro-1 ,2-dichloro-1 2-dihydro- 
«5 3 } 5,7-trioxa-6-methyloctane: 

-56.0/-57.2 (2F, 0-CF 2 -0) :- 143.2/-146.0 (1F, C-CHFCI) ; -54.9/-55.1 (3F. CF 3 -OC): -86.2Z-86 3 (3F OCfCF*>OV 
-100.5/-101.0 (1F, OCF(C)O). 3/ 
[0089] 1 H spectrum in p.p.m. (with respect to TMS ) of the isomers C and D: 6.28/6.05 (1 H -CHFC1 ); 6.02/5.95 (1 H 

[0090] Mass spectrum (electronic impact), main peaks and respective intensities % 
69 (84): 119 (100): 185 (51.1); 251 (84); 281 (15.8); 283 (4.8): 347 (5.7); 349 (1.7). 
[0091] IR spectrum (cnrri) intensity : (w)=weak, (m)=medium. (s)=strong. (vs)=very strong 

3001. 0 (w) ; 2920.9 (w); 2850.9 (w); 1286.3 (vs) : 1 233.7 (vs); 11 25.5 (vs); 1 081 .8 (s); 1 047.9 (s): 81 5.9 (m); 766.3 (m). 



50 
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EXAMPLE 4 

Dehalogenation of perfluoro 1 .2-dichloro-3.5-dioxaheptane 

5 [0092] In a 25 ml three-necked fiask : equipped with mechanical stirrer, thermometer, dropping funnel, distillation 
column equipped with water refrigerant and collecting trap maintained at -78°C and connected to a mechanical vacuum 
pump, 1 50 ml of DMF 1 5 g of Zn in powder, 0.5 g of K 2 C0 3 and 1 00 mg of i 2 are introduced. The internal temperature 
is brought to 80°C and 50 g of perfluoro -1 r 2-dichloro-3 ? 5-dioxaheptane are added drop by drop. When the addition is 
over the mixture is allowed to react for about 30 minutes. At the end the internal pressure gradually brought from 

10 starting 760 mmHg to 300 mmHg. After about 20 minutes the collecting trap containing 34.2 g of perfluoro-3,5-dioxa- 
1-heptene (MOVE 1) is disconnected. 
[0093] The dehalogenation yield is 85%. 

Characterization of perfluoro-3 t 5-dioxa-1-rieptene (MOVE 1) 

15 

[0094] Boiling point at atmospheric pressure: 41 .9°C. 
[0095] 19 F-NMR spectrum in p.p.m. with respect to CFCl 3 =0: 

-56.8 (2F, 0-CF 2 -0); -87.2 (3F, CF 3 -C) ; -90.6 (2F, C-CF 2 -0); -114 (1 F. 0-C=C-F); -121 .8 (1 F, OC=CF); -137 (1 F, 0-C- 
F=C); 

20 [0096] Mass spectrum (electronic impact), main peaks and respective intensities: 
69 (66.5%); 119 (100%); 147 (83.4%); 185 (89.4%); 216 (67.3%); 282 (8.2%). 
[0097] !R spectrum (cm -1 ) intensity: (w)=weak, (m) =medium, (s)=strong, (vs)=very strong: 
1839.5 (m): 1407.6 (w); 1307.4 (vs); 1245.8 (vs); 1117.4 (vs); 907.2 (m); 846.0 (m). 

25 EXAMPLES 

Dehalogenation of the isomer mixture A-t-B obtained in Example 2 (perfluoro-1 ? 2-dichloro-3,5 r 8-trioxanonane 
CF^OCF ? CF ? CF 9 OCFCICF^CI ± perfluoro-1 ; 2-dichloro-3 ; 5,7-trioxa-6-methyloctane CF^OCF(CF^ ) 
OCF^QCFCICFpCQ. ' ~ " 

30 

[0098] In a 250 ml flask equipped as described in the previous Example 4. 11 0 ml of DMF, 1 0 g of Zn in powder and 
0.3 ml of Br 2 are introduced. The internal temperature is brought to 75°C and 30.3 g of the binary mixture A-hB separated 
in the previous Example 2 are added drop by drop. When the addition is over the mixture is allowed to ract for about 
3 hours. At the end the internal pressure is gradually lowered from 760 mmHg to 200 mmHg at -79°C. After about 30 
35 minutes the collecting trap is disconnected. The corresponding content, which is washed with water, is recovered. At 
the end 24.0 g of a mixture formed for 79% (gaschromatographic determination) by perfluoro-3,5,8~trioxa-1 -nonene 
(MOVE 2) CF 3 OCF 2 CF 2 OCF 2 OCF=CF 2 (isomer A') and for 21% by perfluoro-3,5 ; 7-trioxa-6 : methyl-1 octene (MOVE 
2a) CF 3 OCF (CF 3 )OCF 2 0-CF=CF 2 (isomer B') are obtained, which are then separated by preparative gaschromatog- 
raphy. 

40 

Characterization of products A' and B' 

[0099] Boiling range of the isomer mixture at atmospheric pressure: 72.5°-74.5 Q C. 
[0100] 19 F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer A': 
45 -55.9 (3F CF3-O) ; -56.9 (2F, 0-CF 2 -0) ; -90.8 (2F C-CF 2 -6): -91.2 (2R 0-CF 2 -C); -114 (1 F, 0-C=C-F); -121.8 (1F, 
-0-C=CF); -137 (1 F s 0-CF=C) 

[0101] 19 F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer B': 

-55.9 (3F, CF 3 -0) ; -56.2 (2F, 0-CF 2 -0) ; -86.4 (3F, CF 3 -C) : -100.9 (1R CF; -114 (1R 0-C=C-F); -122 (1F, 0-C=CF); 
-137 (1F f>CF=C). 

50 [0102] Mass spectrum (electronic impact), main peaks and respective intensities of the isomer A' : 
69 (74); 81 (18): 119 (100): 147 (59); 185 (26); 251 (21); 

[0103] Mass spectrum (electronic impact), main peaks and respective intensities of the isomer B': 
81 (37); 69 (80); 97 (47); 119 (36); 147(100); 185 (19). 
[0104] IR spectrum (cm -1 ), intensity: (w) =weak, (m) =medium, 
55 (s)=strong, (vs)=very strong, 1839 (m); 1343 (s); 1248 (vs): 1145 (vs); 918 (m); 889 (m). 

A .- 
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EXAMPLE 6 

Dehalogenation of the isomers C+D mixture obtained in Example 3 (CF 3 OCF 9 CF 9 OCF g QCHCICHFCI perfluoro- 
1 .2-dichloro-1 ? 2-dihydro-3,5 ; 8-trioxanonane (isomer C)+ CFqOCF(CFQOCF 9 OCHCICHFCI perfluoro-1 .2-dichloro- 
5 1 ; 2-dihydro-3 ; 57-trioxa-6-methyloctane (isomer D)). 

[0105] In a 500 ml three-necked flask, equipped with mechanical stirrer, thermometer, dropping funnel, distillation 
column having a water refrigerant and a collecting trap maintained at the temperature of -78°C, 250 mi of DMF, 30 g 
of zinc in powder and 300 mg of \ 2 are introduced. 
10 [0106] The temperature is brought to 100°C and 56.9 g of the isomer mixture obtained in Example 3 are added drop 
by drop. 

[0107] When the addition is over the reactor internal temperature is brought to 120*0 and stirring is maintained for 
24 hours. At the end the reaction product, which contains traces of solvent and which is collected in the trap maintained 
at -7B°C. is distilled. Alter washing with water 35 g of a mixture of perfiuoro-1 f 2-dihydro-3-5-6-trioxa-1-nonene (isomer 
is C\ 79% by moles) and of perfluoro-1 ,2-dihydro-3~5-7-trioxa-5-rnethyM-octene (isomer D\ 21 % by moles) are recov- 
ered. The isomers are separated by preparative gaschromatography. 
[0108] The denaloagenaiion reaction yield is 76%. 

Characterization of products C and D' 

20 

[0109] Boiling range of the mixture of isomers C 79%, D' 21% at atmospheric pressure: 90.0°-92.0°C. 

[0110] 19 F-NMR spectrum in p. p.m. (with respect to CFCI 3 =0) of the isomer C perfluoro-1 ,2-dihydro-3, 5, 8-trioxa- 

1 -nonene: 

-55.7 (3F, CF 3 -0); -57.3 (2F. 0-CF 2 -0); -90.9 (2F 5 C-CF 2 -0); -91.2 (2F, 0-CF 2 -C): -149.3/-1 50.0 (1R 0-C=C-F). 
25 [0111] 19 F-NMR spectrum in p. p.m. (with respect to CFCI 3 =0) of the isomer D' perfiuoro-1 ? 2-dihydro-3 ,5 ; 7-trioxa - 
6-methyf-1-octene: 

-55.0 (3F, CF3-O): -56.9 (2R O-CF 2 -0); -86.2 (3R CF 3 -C); -101.0 (1F, CF). -149.3/-150,0 (1 F. 0-C=C-F) 
[0112] Mass spectrum (electronic impact), main peaks and respective intensities %: 
69 (82); 119 (100); 185 (29); 246 (25); 251 (20); 312 (43). 
30 [0113] IR spectrum (cm* 1 ) intensity of the isomer mixture (C* 79%, D' 21%) : (w) =weak, (m) medium, (s) =strong, 
(vs) =very strong: 

3140 (w) ; 1722 (w) : 1695 (w) ; 1402 (m) ; 1281 (vs); 1237 (vs): 1147 (vs) :1106 (vs) ; 1030 (m). 
EXAMPLE 7 

Homopolyrnerization of perfluoro-3,5-dioxa-1-heptene (MOVE 1). 

[0114] In a glass reactor for polymerizations, having a 20 ml volume, equipped with magnetic stirring and with an 
inlet for the reactant feeding and discharge, 60 uJ of perfiuoropropionylperoxide at 3% by weight in CFCI 2 CF 2 CI and 3 
*o g of MOVE 1 are in sequence introduced. The so charged reactor is brought to the temperature of -1 96°C> evacuated, 
brought to room temperature, the all twice. At the end of the degassing operations the reactor is thermostated at the 
temperature or 30°C and the mixture is allowed to react under these condftions for two days under magnetic stirring. 
[01 1 5] The reaction raw material which is finally recovered appears as a slightly viscous, transparent, colourless and 
homogeneous solution. 

4 5 [0116] After distillation of the unreacted monomer, and subsequent stripping under vacuum at 150°C for 3 hours, 
180 mg of the polymer are separated. 

[0117] The IR analysis of the obtained polymer shows that, in the spectrum, absorption bands in the zone of the 
fluorinated double bonds are absent. 

[0118] The 19 F-NMR analysis carried out on the polymer dissolved in C 6 F 6 is in accordance with the homopoiymer 
so structure having a molecular weight of 50.000. The analysis does not show the presence of unreacted monomer. 

[0119] The DSC graph does not show any merting endothermic curve, wherefore the polymer is amorphous. The 
polymer T g; determined by DSC, is -35.4°C. The therrnogravimetric analysis (TGA) shows a weight loss of 2% at332°C 
and of 10%at383°C. 

55 
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EXAMPLE 8 

Copolymer between perfluoro-3,5.8-trioxa-1-nonene CF ^ OCFgCFgOCF^OCF^CFg (MOVE 2) and perfluoro- 
3.5.7-trioxa-6, methyl- 1-octene CF^OCF(CF-)OCF,>0-CF=CF,> (MOVE 2a). 

5 

[0120] In a reactor having the same characteristics as that described in Example 7, 1 50 jil of.perfluoropropionylper- 
oxide at 3% by weight in CFCI 2 CF 2 Cl and 3.2 g of a mixture prepared according to the process of Example 5 and 
containing 83% MOVE 2 and 1 7% MOVE 2a, are introduced. The reactor is then evacuated, cooled, and the subsequent 
reaction carried out as described in the previous Example 7. 
w [0121 ] The reaction raw material appears as a slightly viscous, transparent, colourless and homogeneous solution. 
The monomers which have not reacted are distilled and a stripping under vacuum at 150°Cfor\3 hours is in sequence 
earned out. Finally 350 mg of the polymer are separated. 

[0122] The IR analysis shows that, in the polymer spectrum, absorption bands in the zone of the fiuorinated double 
bonds are absent. 

' 5 [0123] The 19 F-NMR analysis is in accordance with the copolymer structure having an average molecular weight of 
lit- ooo and a MOVE 2/MOVE 2a content equal to the percentages of the reacting mixture; unreacted monomers are 
net evident. 

[0124] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The 
polymer T g . determined by DSC, is -52.6°C. The thermogravimetric analysis (TGA) shows a weight loss of 2% at280°C 
-o rt rd of 10?c at327°C. 

EXAMPLE 9 

Crystalline copolymer between MOVE 1 and TFE. 

25 

[0125] A 5 I steel AISI 316 autoclave with stirrer working at 650 rpm has been used. After the vacuum has been 
effected. 3 1 of demineraiized water, 15.70 g of MOVE 1 and the microemulsion prepared according to the procedure 
described in USP 4 : 864 ; 006 are in sequence introduced, so as to have a concentration of 2 g of surfactant/! of water. 
[01 26] The autoclave is heated up to 75°C and then 0.32 bar of ethane are introduced. A gaseous mixture in a molar 

30 ratio of 54.55 TFE/MOVE 1 is pumped by a compressor until having inside the autoclave a pressure of 21 absolute bar. 
[0127] The composition of the gaseous mixture present in the autoclave top is analyzed by gaschromatography. 
[0128] Before the reaction starting the gaseous phase results to be formed by the following molar percentages of 
the reactants: 93.1% TFE, 5.5% MOVE 1 and 1 .4% Ethane. The reaction is triggered by feeding in a continuous way 
by a metering pump a potassium persulphate 0.0031 molar solution at a flow rate of 88 ml/h. 

35 [01 29] The pressure is maintained constant by feeding the monomer mixture. The polymer synthesis is stopped after 
742 g of mixture have been fed in total. 

[0130] The reactor is cooled at room temperature, the emulsion is discharged and the coagulation is induced by 
HN0 3 (65%) addition. 

[0131] The polymer is separated, washed with water and dried at 220°C. 
40 [0132] The IR analysis shows the presence of very small absorption bands in the carboxyl zone, whose intensity 
results to be half of the one obtained from a TFE/PVE copolymer film having the same thickness, prepared according 
to the comparative Example 3. MFI according to ASTMD 1238-52T was 4.4. The polymer therefore results thermally 
more stable (see the comparative Example hereunder). 

^5 EXAMPLE 10 

Amorphous copolymer between MOVE 1 and TFE. 

[0133] In an AISI-316 polymerization reactor having a 40 ml volume, equipped with magnetic stirring, pressure trans- 
50 ducer and an inlet for the reactant feeding and discharge, 250 \\\ of perfluoropropionyiperoxide at 3% by weight in 
CFCl 2 CF 2 CI, 9.8 mmoles of MOVE 1 and 18 mmoles of tetrafluoroethylene are introduced. 

[0134] The reactor is cooled to the temperature of -196°C, evacuated, then brought to room temperature and cooled 
again, the all twice. 

[01 35] At the end of the degassing operations the reactor is thermostated at the temperature of 30°C and the reaction 
55 mixture maintained under magnetic stirring. The internal pressure decreases from 6.4 atm to 4.7 atm in about 8 hours 
(reaction time). 

[0136] After distillation of the unreacted monomers, and polymer stripping under vacuum for 3 hours at 150°C, 1 ,100 
mg of polymer are recovered, which appears as a transparent and colourless rubber. 
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[0137] By 19 F-NMR analysis of the polymer dissolved under heating in C 6 F 6 it is determined that the MOVE 1 molar 
percentage in the polymer is 24%. 

[0138] The !R analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluorinated 
double bonds, and shows the presence of very small absorption bands in the zone of the carboxy! signals. The intensity 
s of these signals., compared with the similar ones obtained from a film having the same thickness obtained with the 
polymer of the comparative Example 1 , is equal to about 1/10 of these latter. 

[0139] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The T g 
determined by DSC is -21 .4°C. 

[0140] The TGA shows a weight loss of 2% at 450°C and of 10% at 477°C. The polymer therefore results thermally 
10 more stable (see the comparative Example hereunder) with respect to the comparative Example (see afterwards). 
[0141] The polymer intrinsic viscosity measured at 30°C in Fluorinert® FC-75, is 35.5 ml/g. 

EXAMPLE 11 

15 Amorphous copolymer between MOVE 1 and TFE. 

[0142] In an AISI-316 polymerization reactor identical to that described in the previous Example 10 : 250 uJ of per- 
fluoropropiony:c;eroxide at 3% by weight in CFCI 2 CF 2 CI, 9.75 mmoies of MOVE 1 and 9 mmoles of tetrafluoro ethylene 
are in sequence introduced. 

20 [0143] The procedure already described in the previous Example 10 is followed until the thermostating step at the 
temperature of 30°C under magnetic stirring. During the reaction the internal pressure decreases from 3.4 atm to 2.9 
atm in about 8 hours. 

[0144] At the end the unreacted monomers are distilled and the polymer is stripped under vacuum at 150°C for 3 
hours. 

25 [0145] 480 mg of the polymer are separated. 

[0146] By 19 F-NMR analysis of the polymer dissolved under heating in C 6 F 6 it is determined that the MOVE 1 molar 
percentage in the polymer is 39%. 

[0147] The IR analysis shows that, in the polymer spectrum, absorption bands in the zone of the fluorinated double 
bonds are absent. 

30 [0148] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The T g 
determined by DSC is -29.8°C. 

[01 49] The TGA shows a weight loss of 1 0% at 435°C. 
EXAMPLE 12 

35 

Amorphous copolymer between MOVE 1 and CF^CH? 

[0150] In a polymerization reactor identical to that described in Example 10, 250 jx! of perfluoropropionylperoxide at 
3% by weight in CFCi 2 CF 2 CI, 10 mmoles of MOVE 1 and 18 mmoles of VDF are in sequence introduced. 
40 [0151] The procedure already described in the previous Example 10 is followed until the thermostating step at the 
temperature of 30°C under magnetic stirring. The internal pressure decreases from 6.8 atm to 5.0 atm during the 
reaction (about 8 hours). 

[0152] After distillation of the unreacted monomers, and subsequent polymer stripping under vacuum at 150°C for 
3 hours, 1 ,600 mg of the polymer are separated, appearing as a transparent and colourless rubber. 
45 [0153] By the 19 F-NMR analysis carried out on the polymer dissolved in C 6 F 6 it is determined that the MOVE 1 molar 
percentage in the polymer is 40%. 

[0154] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The T g 
determined by DSC, is -47°C. 

[0155] The TGA shows a weight loss of 2% at 428°C and of 10% at 455°C. 

50 

EXAMPLE 13 

Amorphous terpolymer MOVE 2/MQVE 2a/TFE. 

55 [0156] In a polymerization reactor identical to that described in Example 10, 100 ul of perfluoropropionylperoxide at 
6% by weight in CFCI 2 CF 2 Cl : 10 mmoles of a MOVE 2 (83%) and MOVE 2a (17%) mixture sinthetized according to 
the process of Example 5, and 18 mmoles of tetrafluoroethylene (TFE) are in sequence introduced. 
[0157] The procedure already described in the previous Example 10 is then followed until thermostating at the tem- 
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mg of the polymer are separated. nn ,w mer dissolved in C e F e it results that the total molar percentage 

[0159] By the 19 F-NMR analysts earned out on the P^^'f ^'"^ £, OVE ^oVE 2a ratio by moles in the 
of the MOVE 2 + MOVE 2a perfluorovmylethers in the polymer is 22 A, the mu 
polymer is 83/1 7 and it is equal to that of the starting fed mixture. 

[0160] The presence of unreacted monomers ' « "^^^ absorption bands in the zone of the fluorinated 
0161] The IR analysis does not show, m the polymer S ^™L J^, n the 2one of the carboxyl signals. The 

b*:::r:a=: s^sss sr. ^ * e s ame — ^ 

determined by DSC, is -37.5°C. 

EXAMPLE 14 
2 o Amorphous terpolvmer MOVE 2 /MOVE 2a/TFE. 
I0n65] .napolymerizationreactor.de^ 

6% by weight in CFCl 2 CF 2 Cl, 9.7 mmoles of the MOVE 2 ^) an ^ * < ^ introdlJC ed. 
to the process of Example 5, and 10 mmoles oft ^afluomethytene (TFE) are q thermostating step at 

[0166] The procedure already described .n the prevous ^creases from 3.6 atm to 2.7 atm during the 

the temperature of 30°C under magnetic stirnng. i he interna! pressure decrea.es 

reaction course (about 8 hours). nnhmar .trinoina under vacuum at 150*0 for 3 hours 652 

[0167] After distillation of the unreacted monomers and polymer stnppmg unae 

mg of polymer are separated . rn . H in r F it res utts that the total molar percentage 

[0168] Bythe-F-NMRana*siscarri^ 

of the MOVE 2 + MOVE 2a perfluorovmylethers in the polymer is 37 fe, me 
is 83/17 and it is equal to that of the starting fed mixture. ... 
[0169] The presence of unreacted monomers is not evident zone ^ ^ f , uorjnated 

[0170] The IR analysis does not show, in the polymer spectrum, absorption 

35 double bonds. thr% ~r. r-i irvs» wherefore the polymer is amorphous. The T g 

[0171] The DSC graph does not show any melting endothermic curve, wnererore P y 

determined by DSC, is -44.5°C. 

F01721 The TGA shows a weight loss of 10% at 451 C. 

[01731 The polymer intrinsic viscosity measured at 30»C in Fluor.nert® FC-75, is 1 o.7 ml/g. 
EXAMPLE 15 

?T7Sio>8-6^TiMhvl-lociene (H-MOVF ~) *m molar rai.0 88/12. 

[0174, ,n a reactor identical to that described in Example 7, 200 .I of - 3% " 

CFCI 2 -CF 2 CI and 3.1 g of a H-MOVE 2/H-MOVE 2a 88/12 mixture are unreduced. 

[0175] The procedure described in Example 7 is followec I transparent, colourless and homogeneous 

[0176] The recovered reaction raw matenal appears as a slightly viscous, transp 

solution. , otrinrimo under vacuum at 1 50°C for 3 hours, 1 20 

[01 77] After distillation of the unreacted monomer and subsequent stnppmg unaer 

mg oi polymer are separated. oolvmer spectrum, absorption bands in the zone 

[0178] The IR analysis of the obtained polymer shows that, in the poiymer P 

of the fluorinated double bonds are absent. structure having a content of monomers H-MOVE 

[0179] The 19F-NMR analysis is ^^^^^S^^^ ^ ^ ana,yS ' S *" 

2 and H-MOVE 2a equal to the H-MOVE 2 and H-MOVE 2a percenidy 

not show the presence of unreacted monomers. - curve wne refore the polymer is amorphous. The 

[0180] The DSC graph does not show any melting endothermic curve, w 
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polymerT g determined by DSC, is -58.0°C. The thermogravi metric analysis (TGA) shows a weight loss of 1 0% at 307°C. 

EXAMPLE 16 

5 Terpolymer H-MOVE 27H-MOVE 2a/TFE. 

[0181] In a reactor similar to that described in Example 10, 100 uJ of perfluoropropionyiperoxide at 6% by weight in 
CFCl 2 -CF 2 CI and 5 mmoles of a H-MOVE 2 (88%) and H-MOVE 2a (12%) mixture and 18 mmoles of tetrafiuoroeth- 
yiene. are introduced. 
io [0182] The same procedure described in Example 10 is followed. 

[0183] At the end of the degassing, the reactor is thermostated at the temperature of 30°C under magnetic stirring. 
The internal pressure decreases from 6.8 atm to 6.5 atm in about 6 hours (reaction time). 

[0184] After distillation of the unreacted monomers, and polymer stripping under vacuum at 150°C for 3 hours, 300 
mq o' the polymer are separated. 
is [0185] By 19 F-NMR analysis of the polymer dissolved under heating in C 6 F 6 it is calculated that the molar percentage 
of inc pert luorovinylethers (H-MOVE 2 + H-MOVE 2a) contained in the polymer is 33%. The H-MOVE 2/H-MOVE 2a 
rroia- ratio in the polymer is equal to the H-MOVE 2/H-MOVE 2a molar ratio of the fed mixture. Unreacted monomers 
arc not evident. 

[0186] The IR analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluorinated 
-0 double bonds. 

[0187] The DSC graph does not show any melting endothermic curve wherefore the polymer is amorphous. The T g 
determined by DSC, is -44.5°C. 

[0188] The TGA shows a weight loss of 10% at 450°C. 
25 EXAMPLE 1 (comparative) 
Copolymer PVE/TFE. 

[0189] In a polymerization reactor identical to that described in Example 10, 250 u.l of perfluoropropionyiperoxide at 
30 3% by weight in CFCI 2 CF 2 CI, 9.8 mmoles of PVE and 18 mmoles of tetrafluoroethylene, are in sequence introduced. 
[01 90] The procedure already described in the previous Example 1 0 is followed until thermostating atthe temperature 
of 30°C under magnetic stirring. The reaction time is of eight hours. 

[0191] After distillation of the unreacted monomers and stripping under vacuum at 150°C for 3 hours, 540 mg of the 
polymer are recoverd. 

35 [0192] By the 19 F-NMR analysis carried out on the polymer dissolved in C 6 F 6 it is calculated that the PVE molar 
percentage in the polymer is 23%. 

[0193] The IR analysis shows that, in the polymer spectrum, there are absorption bands in the carboxyl zone, whose 
intensity is 1 0 times higherthan that obtained from a MOVE 1/TFE copolymer film prepared according to Example 10, 
and having the same thickness. 
40 [0194] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The 
TGA shows a weight loss of 2% at 427°C and of 1 0% at 463°C. The Tg, determined by DSC, is + 15°C. 
[0195] The polymer intrinsic viscosity, measured at 30°C in Fluorinert® FC-75, is 51 ml/g. 

EXAMPLE 2 (comparative) 

45 

Copolymer between g-PDE (CF-QCF P CF 9 QCF=CF 9 )/TFE. 

[0196] In a polymerization reactor identical to that described in Example 10, 250 jil of perfluoropropionyiperoxide at 
3% by weight in CFCI 2 -CF 2 CI, 1 0 mmoles of p-PDE and 18 mmoles of tetrafluoroethylene, are in sequence introduced. 
50 [01 97] The procedure described in the previous Example 1 0 is followed until the thermostating step at the temperature 
of 30°C under magnetic stirring. 

[0198] By the 19 F-NMR analysis carried out on the polymer purified from the monomers by the processes described 
in the previous Examples, it is calculated that the molar percentage of p-PDE in the polymer is 23%. 
[0199] The DSC graph does not show any melting endothermic curve wherefore the polymer is amorphous. The T g . 
55 determined by DSC, is -4.8°C. 

[0200] This Tg value is clearly higher than those obtainable with the vinylethers of the invention (see the above 
Examples). 
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PXAMPLE 3 (comparative) 



CT ystamng co ^y™^ PVE/TFE (PFAL 

, l EX»mpl. 9 except, in this ppsp me prt.mwW*" ( PVE > ls usM °" 



to 



Claims 

1 . Fluorovinytethers having the following formula: 

(I) 

, 5 . CFX=CXOCF 2 OR 

Br, I; X = F, H. 

2. Ruorovinyiethers according to claim 1 , having the formula: 
25 CFX=CXOCF 2 OCF 2 CF 2 Y ^ 

wherein Y = F. OCF 3 ; X as above defined. 

Fiuorovinylethers according to claims 1 and 2, having the formula: 



30 



3. 



CF 2 =CFOCF 2 OCF 2 CF 2 Y (U,) 



35 wherein Y is as above defined. 

4. A fluorovinylether according to ciaims from 1 to 3. having the formula: 



40 



45 



(IV) 

Cr 2 =CFOCF 2 OCF 2 CF 3 



50 



55 



, Ho.ppo*^ - powers — . PV P*— « - — - — M * " ^ 
polymerizable monomer. 

morQ are fiuorinated compounds having at least one po- 

or oxygen. 

s. OpZU- — < » — — 5 » «*— - — * " Sd,aed - ~ 

^ i a rrm hexafluoropropene (HFP), hexafluoroisobutene; 
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trifluoroethylene; 

- CF 2 =CFOR 2 f (per)fluoroalkylvinylethers (PAVE), wherein R 2 f is gC r C 6 (per)fluoroalkyl, preferably trifiuor- 
omethyL bromodifluoromethyl or heptafluoropropyl: 

- CF 2 =CF0X* (perKluoro-oxyalkylvinylethers, wherein X* is: a C r C 12 alkyl, or a C r C 12 oxyalkyL or a C r C 

5 (per) fluorooxyalkyl having one or more ether groups, preferably perfluoro-2-propoxy-propyl; 1 " 

- sulphonic monomers having the structure CF 2 =CFOX*>S0 2 F, wherein X b = CF 2 CF 2 CFpCF-CF* CF 0 CF 
(CF 2 X C ) wherein X c = F, CI, Br. * z z- 2 

9. Polymers according to claims from 5 to 8, wherein the (per)fiuoro polymers are plastomeric ones since they contain 
10 an amount of vinylether of claims 1 -4 which lead to the formation of crystalline zones. 

10. Polymers according to claims from 5 to 8, wherein the (per)fluoro polymers are eiastomeric ones since they contain 
an amount of vinylether of claims 1-4 to obtain amorphous polymers, i.e. such as to lead to the disappearance of 
the crystalline zones. 



15 



11. Polymers according to claim 10/ wherein the amount of vinylether of claims 1-4 is in the range from about 15 to 
20% by moles. 

12. A synthesis process of the (per)fluorovinylethers of claims 1-4, comprising the initial reaction of hypofluorite with 
20 a fluorinated olefin having the formula R 1 R 2 C=CR 3 R 4 to give the intermediate hypofluorite F-CR 1 R 2 -CR 3 R 4 - 

OCF 2 OF, the subsequent reaction of this compound with a second fluorinated olefin of formula R 5 Fl 6 C=CR 7 R 8 to 
give the intermediate F-CR 1 R 2 -CR 3 R 4 -OCF 2 0-CR 5 R 6 -CR 7 R e -F, which by subsequent dehalogenation or dehy- 
drohalogenation leads to the obtainment of the new perftuorovinyiethers, according to the scheme: 



25 



30 
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a) Cr 2 (OF) 2 + R 1 R 2 C=CR 3 R 4 F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF (VI) 

b) F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF + R 5 R 6 C 2 =C 1 R 7 R 8 > F-CR, R 2 -CR 3 R 4 -OCF 2 0-C 2 R 5 R 6 -C 1 R 7 R 8 -F (VII) 

(VII) 



dehalogen. / 

35 C) F-CR 1 R 2 -CR 3 R 4S -OCF 2 0-C 2 R s R--C 1 R 7 R 8 -F * 

/dehydrohalogen . 

CFX=CXOCF 2 OR (I) 



wherein: 

in the compound (VII) : 

R 15 R 4 , equal or different, are H. F; R 2: R 3 , equal or different are H, CI under the following conditions: (1 ) 
when the final reaction is a dehalogenation R 2 , R 3 = CL (2) when the final reaction isadehydrohalogenation 
one of the two substituents R 2 , R 3 is H and the other is CI; 
R 5? R 6 , R 7 , R 8 are : 

F, or one of them is a C^-C 4 linear or branched perfluoroafkyl group, or a C r C 4 linear or branched per- 
fluorooxyalkyl group containing from one to three oxygen atoms, or R 5 and R 7 , or Rg and R 8 , are linked 
each other to form with C 2 and C 1 a C 5 -C 6 cycle perfluoroalkyl group; 

when one of the R 5 to R 8 radicals is a C 2 -C 4 linear or branched fluoroalkyl, or a C 2 -C 4 linear or branched 
fluorooxyalkyl group containing from one to three oxygen atoms, one or two of the other R 5 to R 8 are F 
and one ortwo of the remainders, equal to or different from each other, are selected from H, CI, Br. Iodine: 
when the substituents selected from H, Ci, Br, Iodine are two : they are both linked to the same carbon 
atom; when R 5 and R 7 , or Rg and R 8 , are linked each other to form with C 2 and C 1 a C 5 -C 6 cycle fluoroalkyl 
group, one of the two free substituents F^, R 8 or R 5 , R 7 is F and the other is selected from KCI, Br ; Iodine. 
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reeamngs delined tor the sobstaneMs ol ^"<***™-££ ^ ol .Lhof .he two groups R,-R. and 
changeaole each other, with the prov.so that » 1—^™ rt (VI1) , „ t „ e same which 6 occupied 

- — °*« ns each reaa ,he 

considered steps. 

,3. A procees apposing to C- * ? f^r™.~ra^^^^^^ 

r^s^ - « ~ d <v,> is - sep * ,aMd 

a^O tsmnstorred is a oontinooos way into the reaches 0. step b) 
„. A process acc.rr.ng ,0 dialers 12 and 13. wherein ^^^SS^S^ (VII) ;Te«n 

dechlorination to obtain the vinylethers of formula (I). 

i- „ _ „,„ im . i?.i5 wherein the compound (VII) is obtain- 
16. A synthesis prooess of the (peOf.uoroviny.ethers ~*9£r2E ^qual or different are F. CF 3 , and two 

abie by reaction of a hypof.uorite of f°™ U ^^^ wherein R^R** equal or dif- 

fluoroalkenes of formula ^^£ A ftoF t-C s linear^ branched perfiuoroa.kyi or oxyperfluoroa.Kyl 
ferent are F, H, CI, Br ; I, -CF 2 OS0 2 K -^ 2 ^ °^ r ' 1 * 



group. 
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